Active  and  Passive  Sensing  of  Sea  Surface  Friction  Velocity 


David  E.  Weissman 
Department  of  Engineering 
Hofstra  University 
Hempstead,  New  York  11549 

phone:  (516)  463-5546  fax:  (516)  463-4939  e-mail:  eggdew@hofstra.edu 

Award  #  NAG5-7503 


LONG-TERM  GOAL 

The  long  term  goal  is  to  develop  the  capability  of  polarimetric  microwave  radiometers  to  estimate  the 
sea  surface  wind  stress,  both  the  magnitude  and  direction,  and  to  better  understand  the  physical  causes 
of  the  azimuthal  variation  of  the  sea  surface  brightness  temperature,  and  its  dependence  on  the  air-sea 
parameters.  I  also  hope  to  demonstrate  the  benefits  of  the  integration  of  active  and  passive  remote 
sensing  to  advance  our  physical  knowledge  and  the  skills  of  radiometry  for  measuring  the  air-sea 
interface.  This  will  add  to  the  scientific  foundation  for  sensors,  applications  and  operational  space-based 
systems,  such  as  the  proposed  WindS AT. 

OBJECTIVES 

Using  coincident  radar  (10  GHz)  and  polarimetric  radiometer  (37  GHz)  measurements  acquired  from  a 
blimp  platform  during  the  COPE  95  Experiment,  it  is  intended  to  develop  a  geophysical  model  function 
for  wind  stress,  which  can  be  used  to  invert  an  azimuthal  radiometric  signature  for  this  quantity. 

Physical  explanations  are  sought  for  the  following  observations:  1)  why  does  the  intensity  of  the 
azimuthal  variation  of  the  Stokes  parameters  decrease  as  the  wind  magnitude  decreases,  in  contrast  with 
that  of  the  radar  cross  section  whose  azimuth  variations  increases,  and  2)  are  the  azimuthal  signatures  of 
the  Stokes  parameters  affected  by  non-equilibrium  waves  (swell  from  distant  sources)  crossing  the  wind 
sea  obliquely? 

APPROACH 

The  radar  and  radiometer  data  was  acquired  over  a  span  of  12  flights  during  September  and  October  of 
1995,  near  the  Oregon  coast.  This  remote  sensing  program  (Coastal  Ocean  Probe  Experiment)  was 
organized  and  led  by  scientists  at  the  NOAA  Environmental  Research  Laboratory  in  Boulder,  CO.  I  will 
be  collaborating  with  Dr.  Bill  Plant  (Applied  Physics  Lab/UW)  who  developed  the  radar  instrument  and 
conducted  the  flight  measurements,  and  with  Dr.  Vladimir  Irisov  who  developed  and  operated  the 
microwave  radiometers.  These  groups  have  agreed  to  grant  me  access  to  their  data  sets  and  we  will 
collaborate  in  the  interpretation  of  my  results.  The  instrument  characteristics,  flight  operations, 
measurements  and  initial  data  analysis  is  presented  in  the  paper  by  Irisov  and  Trokhimovski  [1996].  The 
algorithm  for  friction  velocity  that  will  be  used  to  convert  the  radar  cross  section  data  is  discussed  in 
[Weissman,  et  al.,1994]  and  the  application  method  is  discussed  in  [Weissman,  et  al.,1997]. 

At  each  data  run  (which  usually  lasts  between  10  to  15  minutes)  the  radiometer  scan  is  at  a  constant 
incidence  angle,  and  the  radar  observes  numerous  incidence  angles  simultaneously  (from  35°  to  60°  in 
steps  of  5°)  using  a  new  range-gating  approach.  The  polarimetric  radiometer  data  is  processed  to  yield 
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maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

2.  REPORT  TYPE 

4.  TITLE  AND  SUBTITLE 

Active  and  Passive  Sensing  of  Sea  Surface  Friction  Velocity 


6.  AUTHOR(S) 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Hofstra  University, Department  of  Engineering, Hempstead, NY, 11549 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002252. 

14.  ABSTRACT 

15.  SUBJECT  TERMS 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF 

ABSTRACT 

OF  PAGES 

RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Same  as 
Report  (SAR) 

3 

3.  DATES  COVERED 

00-00-1998  to  00-00-1998 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


the  2nd  and  3rd  Stokes  parameters,  from  which  their  Fourier  coefficients  (Qi,  Q2,  Ui  and  U2)  are 
computed.  A  tabulation  of  the  dependence  of  each  of  these  items  on  incidence  angle  and  friction 
velocity  will  be  followed  by  their  interpolation  to  create  a  geophysical  model  function  for  this  instrument 
with  higher  resolution. 

Additional  polarimetric  radiometer  data  (at  37  Ghz)  acquired  during  the  Labrador  Sea  Deep  Convection 
Experiment  (March  1997)  will  be  made  available  to  me  by  colleagues  at  NOAA/ETL  to  analyze  and 
combine  with  the  COPE  Experiment  data.  This  will  be  supported  with  in-situ  data  of  the  friction 
velocity  that  is  being  provided  to  me  by  the  Bedford  Institute  of  Oceanography,  who  conducted 
measurements  onboard  the  RV Knorr. 

WORK  COMPLETED 

All  the  available  data  from  the  COPE  95  experiment  (from  the  X-band  radar  and  the  37  GHz 
polarimetric  radiometer  under  favorable  oceanic  and  atmospheric  conditions)  has  been  analyzed  to 
create  a  table  showing  the  dependency  of  the  Stokes  “U”  and  “Q”  harmonic  coefficients  on  incidence 
angle,  wind  speed  and  friction  velocity. 

RESULTS 

The  first  and  second  harmonic  coefficients  of  the  Stokes  parameters  (Qi,  Q2,  Ui  and  U2)  at  37  GHz 
show  a  definite  variation  with  both  wind  magnitude  and  incidence  angle.  At  a  given  incidence  angle, 
these  coefficients  increase  with  wind  magnitude  (in  the  range  from  4  to  7.5  m/s).  At  a  given  wind  speed, 
I  observe  that  the  coefficients  are  largest  at  the  lower  incidence  angles  (across  the  range  from  17°  to 
54°).  These  results  are  comparable  to  what  has  been  observed  by  the  19  GHz  radiometer  (WINDRAD) 
measurements  onboard  a  DC-8  aircraft  in  1993.  However,  the  COPE  data  collection  is  small  and 
additional  data  is  needed  to  place  more  confidence  in  these  interpretations. 

IMPACT/APPLICATIONS 

These  results  contribute  to  the  knowledge  base  needed  to  advance  our  physical  understanding  of  how 
these  millimeter  polarimetric  radiometers  respond  to  air-sea  parameters,  and  to  the  development  of 
space  based  multi-frequency,  multi-look  and  multi-polarization  passive  sensors. 

RELATED  PROJECTS 

This  work  is  associated  with  the  radar  remote  sensing  program  of  Dr.  William  Plant  of  the  Applied 
Physics  Laboratory/University  of  Washington.  The  radiometer  data  has  been  provided  by  Vladimir 
Irisov  of  the  NOAA/ETL,  Boulder,  CO.  The  interpretations  of  the  joint  active/passive  observations  and 
results  are  performed  in  close  collaboration  with  these  colleagues. 
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